Vitamin A status of 260 groups of twenty five males or twenty five females, aged 3 years, surveyed in twenty four provinces of the People's Republic of China, was assessed by. measuring plasma retinol, retinol binding protein and fl-carotene concentrations. Direct measurements of food intake over a 3 d period and questionnaire data on the frequency of consumption ofvegetables, fruits, animal products and <lther dietary items were also used. Vitamin A status appeared to be low only in specific counties but in general was satisfactory or only marginally deficient. Plasma JI-carotene levels were strikingly low in comparison with Western levels despite generous vegetable consumption suggests that intake of vitamin A precursors may have been adequate but not abundant enough to maintain high circulating plasma levels of fl-carotene. Plasma fl-carotene, for both males and females, was significantly correlated with the frequency of consumption of green vegetables. Plasma retinol, for males, was highly correlated with meat, fish, oil and alcohol consumption expressed both in quantity or frequency of consumption. Higher levels of plasma retinol, together with lower levels of plasma JIcarotene in males compared with females, suggest that men consume more animal products or may have higher retinol requirements and therefore a higher rate of conversion of JI-carotene to retinol.
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The low vitamin status of some segments of the Chinese population has been a concern for health authorities since the early 1950s (Freedman, 1978) and although considerable improvements in public health and nutrition have occurred over the last 40 years there is evidence suggesting that vitamin A status may be marginal in certain areas and population groups.
A number of studies have reported low blood or intake levels of retinol and/or /]carotene in China (Freedman, 1978; Solomons & Russell, 1980; Thumham et al. 1982; Chen, 1986; Cui, 1987; Tian et al. 1988; Zhao, 1988; Wang et al. 1989a; Campbell et al. 1990; Chen et al. 1990; Lie et al. 1993) . Vitamin A intakes were low in kindergarten, primary school and middle school children (mean 51, 68 and 45 % respectively of the Chinese recommended daily allowances, RDA) in the 1982 nationwide nutrition survey (Chen, 1986) , in children under 3 years of age in northern Hebei Province (Lie et al. 1993) , and in preschool children and lactating mothers in Beijing and its suburbs (Cui, 1987) . Plasma retinol levels were found to be low in Linxian where 20-35 % of the population had levels below 0·70 µmol/l (20 µg/dl) possibly contributing to the high prevalence of oesophageal cancer (Yang et al. 1984) , in 40 % of Tianjin infants and preschool children, particularly in 6-12 month-old infants (Tian et al. 1988) , and in Hebei children under 3 years of age (Lie et al. 1993) , but adequate in staff members of the Institute of Nutrition and Food Hygiene in Beijing in both summer and winter (Zhao, 1988) . Plasma ,8-carotene levels have also been found to be low in a significant proportion of the population, for example in Zhengzhou University students (Cui, 1987) and Henan farmers (Thumham et al. 1988 ).
It is not clear, however, whether the prevalence of the deficient vitamin A status is the result of a supply shortage, a demand problem, and/or a food behavioural problem. Of the numerous factors that can, potentially, influence vitamin A status, the ones most often implicated are food beliefs, unfavourable interactions with other nutrients, infectious diseases, and chronic parasitic infestation. Dietary constituents which may compromise vitamin A status include insufficient intake of fat, which facilitates intestinal absorption of the vitamin, and possibly insufficient intake of protein (Underwood, 1984) . Mean dietary fat intake in rural China in 1983 was only 15% of energy ) and could be a limiting factor for the absorption of retinal and carotenoids among Chinese children, as evidenced in other parts of the world (Gopalan et al. 1960; Solon et al. 1978; Latham & Solon, 1986) . Zn deficiency, also, has been reported to reduce the synthesis of retinolbinding protein (RBP) and to decrease plasma retinal levels (Solomons & Russell, 1980) . Intestinal parasites, also, are known to affect vitamin A status and growth. Ascariasis and giardiasis have been shown to impair vitamin A absorption (Katsampes et al. 1944; Farthing et al. 1986 ).
An analysis of the vitamin A status of a sample population of adults in sixty five mostly rural counties in China was undertaken as part of a larger investigation of the relationship between various cancer mortality rates and dietary and lifestyle factors ).
The field survey work was conducted between September and November 1983, on 6500 subjects aged 35-64 years, in which a comprehensive set of biochemical, nutritional and lifestyle indicators were measured and recorded. This report summarizes those variables which are generally known to be closely related to the assessment of vitamin A nutritional status.
METHODS
The methods and procedures used in this study are described in detail in the study monograph by Chen et al. (1990) and a summary of the principal parts of the methodology, including sampling procedures a.pd analytical methods, are included in an earlier manuscript concerning riboflavin status . Briefly, sixty five mostly rural counties were selected to represent the full range of mortality rates for seven of the most prevalent cancers in China, and within each county two communes were randomly selected to give a total of 130 survey sites. Comprehensive information on dietary intakes, blood, urine and food constituents, as well as questionnaire data on frequency of food intake and other lifestyle characteristics, was collected from fifty randomly selected adults (twenty-five males and twenty five females) aged 35-64 years at each survey site. Methods for other nutrient exposures not reported in the earlier publication are summarized below.
Blood collection
Blood samples were obtained from approximately 6500 individuals. Fasting intravenous blood (10 ml) was drawn (before a riboflavin and vitamin C 'load' test) from each subject between 06.00 hours and 12.00 hours, using trace mineral free heparinized Vacutainers (Becton-Dickinson Inc., Rutherford, NH, USA). Samples were immediately placed on ice in light-free Thermos<fll'-type jars and then transported to the county laboratory (within 4 h of the last blood sample). On arrival at the county laboratory the blood samples were immediately divided into fractions and stored at -15° to ,-20°. Within 2 months all fractions were shipped by air in insulated transporter boxes on dry ice to the Institute of Nutrition and Food Hygiene at the Chinese Academy of Preventive Medicine in Beijing. Samples were then thawed and equal aliquots of each individual sample were combined into 260 sex-and commune-specific pools. All samples were then stored at -30° and analysed for retinol, carotenes and other variables in early 1984.
Biochemical analyses
Plasma levels of a-and /J-carotene were determined by the HPLC method of Wang et al. (1989 b) . Plasma levels of retinol were determined by a HPLC method using a modification of the procedures of Driskell et al. (1982) and DeRuyter & Leenheer (1978) as described by Chen et al. (1990) . This method allowed simultaneous measurement of a-and ytocopherol. Plasma RBP, an aiglobulin, was determined by a kit procedure utilizing radial immunodiffusion plates (LC-Partigen@) obtained from Calbiochem-Behring, La Jolla, CA, USA. The assay is based on principles outlined by Mancini et al. (1965) . Plasma RBP, complexed with prealbumin in a molar ratio of 1:1, binds and transports retinol (Kanai et al. 1968 ). Internal standards were used for the analyses of plasma carotenoids and vitamins A and E. Duplicate analyses were performed on the HPLC. The CV for the analyses were 4 % for retinol, 10% for y-tocopherol, 5 % for a-tocopherol and 10% for /Jand for acarotene. Pooled plasma was used as a quality control sample and analysed as an additional sample each day.
Dietary survey and questionnaire
Food consumption was measured over three successive days in thirty households (fifteen households in each of two production teams in one of the two communes) in each of the sixty-five counties. A combination of food weighing and food disappearance techniques was used to estimate household consumption. Food intakes were adjusted for age, sex and physical activity to yield standardized estimates per 'reference man ', defined as an adult male, 19-59 years of age, 65 kg body weight, undertaking very light physical work ). Average daily nutrient intakes were calculated on the basis of Chinese food composition tables (Institute of Health, 1980) and expressed per reference man.
A questionnaire on food consumption frequency, alcohol intake, smoking, health status and reproductive history was given to all subjects who donated blood, so these data were available by sex. In addition to frequency of intake of seventeen foods, data on the yearly ration of grains (rice, wheat, maize, millet and sorghum), legumes, sweet potatoes and cooking oil were also obtained from each survey subject ).
Statistical analysis
All assays reported in this manuscript were conducted on pooled plasma samples primarily because the major objective of the original study design was to assess the relationship between nutritional factors and county-level mortality rates by disease and sex. Thus, for the purposes of the original ecological study, only average values of a comprehensive set of biochemical markers of nutritional status and of dietary intakes were relevant and these were successfully obtained by analyses of pooled plasma samples. The validity of using pooled samples to obtain average values was tested for several samples including the assays for plasma cholesterol and retinal, and the results indicate excellent agreement between pool values and averages of individual values ). Information on the variability of the distribution of these various biochemical indicators, relevant for the purposes ofthis manuscript however, was not available due to the pooling procedure used. One county (Tuoli County in Xinjiang Autonomous Region), composed primarily of an ethnic minority population of herdspeople, had disproportionately high values for retinal, lipid and protein intake due to an exceptionally high intake of animal foods. This 'outlier' was not included in the analysis, to characterize more accurately the average intakes of the rural Chinese population and to avoid the undue influence of one data point on the results.
Descriptive statistics including means, medians, standard deviations and ranges of average county values were computed by sex for all relevant biochemical indicators of vitamin A status, dietary intakes of nutrients and foods and frequencies of intake of selected foods. Pearson product-moment correlation coefficients were used to examine the linear relationships between biochemical indicators of vitamin A status and selected plasma and dietary factors. These correlation coefficients are measures of the degree of association between two factors at the county level. They do not establish causality and may not be supported at the level of the individual. All probability levels of significance reported are two-sided and all the data were analysed using the SAS statistical software package (Statistical Analysis Systems, 1985) .
RESULTS
Means and ranges of average county levels of plasma retinal, IX-and p-carotene and RBP for both sexes contrasted with values for Western subjects are shown in Table I . Mean plasma retinal was significantly higher for males (l·78 µmol/l) than for females (1·43 µmol/l) although the range of county means for plasma retinal was similar to that for Western individuals. Male values for plasma RBP (1·48 µmol/l) were significantly higher than female values (1·33 µmol/l) while values for both sexes were lower than the minimum value of the Western range (l·90 µmol/l). Infact, RBP levels in this population were much lower relative to Western values than for retinol. P-Carotene values were significantly lower for males than for females within China. Plasma P-carotene levels were also lower than Western values, despite a diet based primarily on plant foods.
Mean dietary intakes of retinal and carotenoids obtained frcm food sources are presented in Table 2 . Average daily retinol intake (28 retinal equivalents (RE)) was far below Western intake (990 RE) while mean carotenoid intake in China (238 RE), which varied widely, was almost double Western intakes (143 RE). The intakes of energy, fat and protein are also shown because of their possible relevance to overall vitamin status. Although energy intakes, corrected for body weight, were higher in China than in the US, lipid intakes for these mostly rural Chinese (14·5 % energy) were far below Western intakes (about 36-40 % energy). Total protein intake (64 g), also, was considerably below Western intake (91 g), but the most remarkable difference was the proportion of protein from animal foods, being 11% (including fish) in China and 70 % in the US (United States Department of Agriculture, 1984) . Table 3 shows the daily intake of vitamin A-containing foods in China expressed 'per reference man ', calculated from 3 d household dietary intakes. The consumption of vegetables in China was higher than in the US. Although diet comparisons are difficult, it appears that total vegetable consumption was about twice as high in China as in the US. In contrast, the intake of retinoid-containing foods was much lower: Chinese males consumed, on average, one tenth of the meat and eggs and one hundredth of the milk and ** Excluding two counties with ethnic minority populations of herdspeople, i.e. Tuoli and Xianghuangqi counties in Xinjiang and Neimongol Autonomous Regions respectively, where values of 856 and 147 g/d were recorded. Subjects in most counties rarely or never consumed milk or dairy products. (Of the six other counties in which milk and dairy products were consumed, consumption in four counties was 0·1 g/d, and it was 0·9 and 19·l g/d in the other two counties.) tt Excluding Tuoli county in Xinjiang Autonomous Region where meat intake was 121 g/d. § § Includes 27 g of sausages and luncheon meat and 110 g of meat contained in mixtures.
dairy products of their US comparable age and sex groups. Fish, meat and eggs were consumed more frequently by males than by females in China (Table 4) . Table 5 lists the significant plasma and dietary correlates of plasma retinol and /]carotene by sex. In general the observed associations were more significant for males than for females and plasma retinol was associated with more factors than plasma /]-carotene. Plasma retinol and plasma /]-carotene were significantly positively correlated. Plasma retinol was significantly correlated with plasma RBP, a-tocopherol, and indicators of lipid status. In men only, plasma retinol was positively associated with the intakes of meat (as shown in Fig. 1 ), alcohol and oil, and negatively associated with the intakes of cellulose and neutral detergent fibre. In contrast, plasma ,8-carotene was positively associated with plasma vitamin C levels and with intake of green vegetables (both sexes) (as shown in Fig.  2 for males) , sweet potatoes (females only), and negatively with intakes of plant protein. Any correlations mentioned in the discussion that are not included in the tables shown here are tabulated in the original monograph ). Relationship between plasma p-carotene concentration and green vegetable intake for male subjects in sixty-five rural Chinese counties (r 0·26, P < 0·05).
Light-coloured vegetables

DISCUSSION
County means for plasma retinol in China were within the range considered to be normal for Western subjects. However, these two ranges are not fully comparable because the Chinese range represents county means whereas the Western range is for individual subjects. Thus, where the county mean was close to or below the minimum value of the Western range, some individuals were likely to be below this minimum. Mean plasma retinol values were below 1·05 µmol/l for eleven of the 260 pooled samples (4·2 %) surveyed. On the basis of the observed variance of the distribution of commune values and assuming a normal distribution, less than 2 % of the population was estimated to have plasma retinol values below 0·7 µmol/l and approximately 5 % below l·05 µmol/l. Except for Sonjiang county in Shanghai municipality, the 'deficient ' counties were all located in inland areas. High mean plasma retinol values (> 2·1µmolf l) were observed in four counties which were either coastal or livestock producing. Plasma retinol values reflect vitamin A status only when liver stores are depleted (or excessively high). When liver vitamin A storage is between 0·07 and 1·0 µmol/g liver, plasma retinol is homeostatically controlled (Gibson, 1990) , seldom falling below 1-05 µmol/l. At plasma levels below 0·7 µmol/l, some individuals may exhibit functional impairment, including poor dark adaptation, night blindness, ocular lesions and possibly impaired immune function (Pilch, 1985; Gibson, 1990) . More striking were the low plasma levels of a-and /)'-carotene, considering the vegetablebased Chinese diet, with the mean of all sixty-five counties being close to the lower end of the Western range. None of the sixty five counties had mean plasma /)'-carotene values higher than 0·5 µmol/l which is considered average by Western standards (Ascherio et al. 1992) . More than half (57 %) of the 130 groups of men and women (approximately fifty individuals per group) had mean plasma ,8-carotene levels lower than 0·19 µmol/l and many (12 %) were lower than 0·09 µmol/l. a-Carotene values were similarly low. In countries such as China where carotenoids provide the major sources of vitamin A, serum carotenoids may serve as a useful secondary index of vitamin A status (Le Francois et al. 1981) , although it should be noted that plasma or serum carotenoids mostly reflect current intakes of carotenoids (Olson, 1984) . About fifty carotenoids show provitamin A activity and it is not certain whether ff-carotene is the major source of provitamin A in all survey counties. Large amounts of other carotenoids such as cryptoxanthin in the diet, for example, possibly could account for low plasma ,8-carotene but normal retinol levels in this population.
Plasma retinol and plasma fl-carotene were significantly correlated with each other (r 0·33, P < 0·01). This would indicate either that diets containing more animal products also contained more carotenoid-rich fruits and vegetables or that plasma retinol levels depended to a large extent on conversion from ,8-carotene. The survey data reported here support the latter interpretation. There has been some controversy concerning the normal relationships between these variables. According to Olson (1981) , 'in healthy subjects plasma carotenoids and vitamin A values are not correlated ', however, studies in West Africa showed that plasma retinol and plasma carotenoids were correlated in populations, especially children of less industrialized countries (Le Francois et al. 1981 ). The present study shows this to be the case also in China. Olson (1981) suggested that this was a special case that occurred only 'in areas where malnutrition is common, where dietary carotenoids are essentially the only source of this nutrient, and where the composition of the diet remains relatively constant throughout the year, carotenoids might well serve as a useful secondary indicator of a potential problem with vitamin A malnutrition'. The term 'special case' may not be appropriate considering the percentage of the world's population in which this correlation is found. Also the use of the term 'malnutrition' could be questioned in view of the extent of diet-related chronic diseases in those parts of the world where the consumption of animal products, and therefore vitamin A, is high. In reference to Chinese adults, the phrase 'in areas where there is less overnutrition' would be more appropriate than 'in areas where malnutrition is common'. The factors that determine plasma carotenoid levels are not fully known but are likely to include dietary intake, intestinal destruction, efficiency of absorption and metabolism, and rate of tissue uptake (Parker, 1989) . Smoking may also affect carotenoid levels (Stryker et al. 1988) . The dietary supply of {I-carotene or the total vitamin A equivalents in Chinese and US diets is difficult to compare because many foods are not fully analysed, and food consumption data are not expressed in the same manner. However, it has been estimated that over 40 % and up to 75 % of the retinol equivalents in the US diet are of animal origin whereas less than 10% of the retinol equivalents of the Chinese diet are from animal foods (Martson & Raper, 1986; Olson, 1987) .
Plasma ,8-carotene showed no correlation with intakes of total carotenoids, green vegetables, or fruit measured in the cross-sectional household dietary survey. However, there was a significant correlation of plasma p-carotene with the frequency of green vegetable consumption (r 0·26, P < 0·05 for males) as shown in Fig. 2 , which may be a longer term indicator of intake of this food than dietary survey data. In fact, plasma acarotene but not plasma P-carotene showed a positive correlation with intakes of total carotenoids (r 0·36 v. r 0·06), green vegetables (r 0·47 v. r 0·13) and fruit (r 0·25 v. r 0·06) for data for both sexes combined. This may reflect a more active conversion of dietary flcarotene to retinol. It is unlikely that season was a confounder in the analysis as blood samples were taken mostly in September and October, starting first in the north and working south. During this season vitamin A sources, i.e. fresh green vegetables, are still widely available and so regional differences cannot be attributed to seasonal variation. Further, there was a significant correlation of plasma fl-carotene with both plasma ascorbate (r 0·38, P < 0·01) and urinary ascorbate excretion (r 0·31, P < 0·05) for data for both sexes combined.
The sex differences in plasma levels of retinol and fl-carotene (retinol and RBP significantly higher in males and fl-carotene significantly higher in females) could be due to differences in the type and amount of foods being consumed and/or the extent of smoking by each sex. Dietary intakes were obtained by weighing food consumption for the entire household and therefore quantitative differences between the sexes were not available. However, data on the frequency of intake showed that men consumed fish, eggs and meat considerably more frequently than women but vegetables and fruit no more frequently (Table 4 ). As smoking can influence both food intake and plasma carotene levels (Stryker et al. 1988 ), this could be a factor in the differences between the sexes, as reported daily cigarette consumption and plasma cotinine levels were both higher in men. The mean daily number of manufactured cigarettes consumed by men was 6-9 (SD 4·3) and by women 0·5 (SD 0·9), and the respective mean plasma cotinine levels were 0·85 (SD 0·30) and 0·11 (SD 0·17)µmoljl ). In addition to manufactured cigarettes, an equivalent amount of other tobacco is also consumed in China, mostly in the form of homemade cigarettes, pipe, water pipe, and snuff. However, for males, although there was no significant correlation between plasma fl-carotene and total tobacco consumption, the correlation with plasma cotinine levels was positive (r 0·25, P < 0·05). This indicates that at the national level smoking may not be a plausible explanation of sex differences in plasma carotene levels.
Sex differences in serum levels of retinol and fl-carotene have also been observed in the US (Williams et al. 1951; Leitner et al. 1960; Gravesen, 1967; Kasper, 1969; Vuilleumier et al. 1983; Friedman et al. 1986; Comstock et al. 1988) . Metabolic factors, also, might account for these sex differences. It has been suggested by several investigators (Williams et al. 1951; Leitner et al. 1960; Gravesen, 1967; Kasper, 1969; Vuilleumier et al. 1983; Friedman et al. 1986; Comstock et al. 1988 ) that men have higher requirements for retinol than women. Ifthe level of fl-carotene in the blood represents surplus to what has been used · for retinol synthesis in the gut mucosa, then the sex difference could be explained by a higher rate of conversion of fl-carotene to retinol in men, rather than differences in vegetable consumption (Thumham et al. 1988) . This hypothesis is supported by the lack of a difference between the sexes for the non-provitamin A carotenoids in plasma and in frequency of vegetable consumption in the present study.
